So much literature exists documenting the ability of salmonellae to resist desiccation (5, 6, 10) that Joe (7) proposed the dispatch of dried stool specimens to central laboratories for detection of enteric bacteria.
Wilson and Mackenzie (18) first reported processed coconut as a potential carrier of salmonellae; Kovacs (8) also isolated them from dried coconut, as well as from other desiccated products. A notation by Galbraith et al. (4) and an outbreak of salmonellosis in the Liverpool, England, area in 1960 -1961 , directly traced to coconut by Semple (14) , concentrated attention on this particular food. Daniels-Bosman and Huisman (1) , Winkle, Rohde, and Adam (19) , Ellingsen and Skogsholm (2) , and Velaudapillai et al. (16) We cannot consider salmonellosis as a fully controlled disease; within recent years, van Oye (12) found it a "world problem," Weil and Saphra (17) reported fatalities of 4 to 20% for the invasive salmonellae, and Kovacs (8) (17) and thus avoid proper detection.
Because of the grave economic implications for the firms and countries producing coconut products, we undertook the following study.
MATERIALS AND METHODS
Sampling. From delivery trucks at the processing plant, random samples ofcoconuts were taken without regard to maturity, surface condition, cleanliness, or freedom from injury. Those leaking milk were rejected.
Samples were taken from the insides of shells with cotton swabs; the meat was removed with sterile knives, and the milk with sterile pipettes. Additional studies concerned other, obviously contaminated, milk-free, cracked nuts.
Detection ofSalmonella. Taylor's methods (15) were employed for all isolations. Samples were pre-enriched by cultivation in 0.5% mannitol-purple broth base (1-g samples of solid material or 1-ml liquid samples being inoculated per 10 ml of medium). After incubation at 37 C for 24 hr, 0.2 ml of the culture on mannitol broth was transferred to 10 ml of cystineselenite broth (11) and to 10 ml of brilliant green tetrathionate broth (9) for enrichment culture and held at 37 C for 24 hr. Tubes of mannitol purple and brilliant green tetrathionate media served as controls.
After streaking enrichment broths on brilliant-green agar plates, suspect colonies were transferred to dulcitol-lysine-lactose-iron agar slants above a phenol red butt (15) and to a modified lysine broth (3) , for incubation at 37 C for 24 hr.
The last two media were used for generic biochemical identification of suspect colonies. Salmonellae usually ferment dulcitol, produce H2S, utilize L-lysine, and do not ferment lactose. In addition, they characteristically react upon the slants to produce an alkaline response (red) and H2S blackening in the center, with a gas-ruptured acid butt (yellow). By serological typing, Taylor (15) found the technique valid for generic identification in more than 98% of 300 cultures submitted to typing.
In doubtful cases, further biochemical identification utilized indole, methyl red, and Voges-Proskauer tests; beyond this point, any result not definitely negative was considered positive.
Decontamination, sterilization. Intact nuts were opened aseptically, inoculated with various strains of salmonellae including Salmonella senftenberg, and resealed; after 24 hr at 37 C, samples of meat and milk were removed aseptically for examination. Single piece, 10-g samples of meat, or 10 ml of milk in screw-cap culture test tubes, 20 by 150 mm, were immersed in water baths, with temperatures ranging from 40 to 100 C in 10-C increments; at 1-min intervals, samples were removed and were cooled in ice baths; the number of residual salmonellae was determined by plating directly on brilliant-green agar plates, after pre-enrichment and after enrichment.
Additionally Because any delay in moving the exposed coconut to the drying process obviously increased the microbial population, the time between shelling, paring, and desiccating was less than 1 hr. Following shelling and paring, the nuts were cracked and the milk discarded.
After washing, the meat proceeded to grinders and finally to continuous, through-circulation AVERAGE OF 4 TESTS (1-2-3-4) After desiccation, the coconut is sifted and sorted in mechanical sieves, a process not conducive to further growth since desiccated coconut has a moisture content of only 2 to 4%, and reinfection is minimal owing to thorough sanitary precautions.
Extensive tests of well water disclosed no positive bacterial pollution; with evidence of overall contamination, the possibility of one, or even several, carriers was discounted.
Sanitary conditions within the plants were excellent; after desiccation, in which bacterial population declined to minimal levels, all possible measures prevented reinfection. During storage at room temperatures, total bacterial counts declined further but not sufficiently, since the Food and Drug Administration still isolated and completely identified salmonellae present in U.S. imports (M. T. Bartram, personal communication).
These isolates were confined to five types: S. (and, previously, tray-type) driers during the manufacturing process indicated the low efficiency of dry-heat sterilization.
In a series of pasteurization experiments, those described under Materials and Methods, a 1-min, 100-C contact destroyed salmonellae and related bacteria, but greatly impaired quality of the coconut. Equally effective steam sterilization produced similar serious product degeneration. Exposure in water baths at 90 C for 5 min resulted in complete decontamination, but after desiccation deleterious side effects again prevailed in the product. Treatment at 80 C for 5 min. gave a complete kill and no deterioration of the finished product.
Lower temperatures invariably decontaminated incompletely.
Sterilization of coconut milk, opposed to that of meat, occurred at lower temperatures, the difference in kill due indubitably to different rates of heat penetration in milk and meat.
Our findings then added these steps to the manufacture of desiccated coconut. Peeled and cracked nuts, first washed in unheated water to reduce surface contamination, were placed in water immersion tanks maintained at 70 to 80 C, with immersion of the unground meat at that temperature for 8 to 10 min. Grinding followed the manufacturer's norm, as did desiccation in the continuous, through-circulation driers. With these conditions carefully maintained, no viable salmonellae could be detected in the desiccated coconut emerging from the ovens.
Pasteurization offered a simple solution to a most serious problem within the coconut industry; these experiments allowed us to design high-efficiency pasteurization equipment providing a safe foodstuff which hitherto harbored enteric bacteria to varying degrees.
